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I. Abstract 

Specimens from the surface horizon and the subsoil of 62 soil 
horizons In Hedmark and Oppland were investigated to study how the 
mechanical composition of the soil, the organic matter content and the bulk 
density affect their porosity and air capacity and their total and available 
water content. 

Most of the specimens belonged to the loam group, and a smaller nundier 
was from sandy and silty types of soil. 

Equations have been established to make it possible to calculate the 
water retention curves and the amount of available water from the above- 
mentioned parameters. As a rule errors derived from the equations are no 
greater than those which are found in similar research in other countries. 

II. Introduction 

It is important to know which factors affect the water-retaining 
properties of the soil and other properties in order to be able to 
develop other methods to characterise soil, rather than the extremely time- 
consuBing retention curve determination. Equations have been established 
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for these properties with other physical soil parameters in a nuiaber of 
countries (1, 4, 7, IS, 16, 17, 18, 21 and 23], which can provide 
valuable solutions In this respect. If reliable results are needed, one 
is also compelled to investigate the soil in the area where the equations 
are intended to be used, because the water-retaining properties of the soil 
can be affected by local conditions, such as the deposition pattern, 
the sdneralogy, the climate and the drainage pattern. In Norway some 
results have been published for relatively limited areas [2, 3], but 
there is little published material for large parts of Ostland. This 
report is based on material collected mainly in Hedmark and Oppland. 

The laboratory work was performed by the professlonalasslstant Helge Olsen. 
III. Methodology 
A. Sampling Sites 

The majority of the specimens are from morainic deposits, but 
some are of a different deposition type (fluvloglacial and marine 
deposits). A comparison of Figure 1, which shows the distribution of 
the specimens in texture triangles, with similar figures composed by 
Njos ahd Svelstrup [14] indicates that the material is quite precise 
for morainic deposits at Ostland, and also partially for silty and 
sandy soil at Romerlke and in Sor-Osterdal, but is less representative 
for clay areas in Akershus and Ostfold. 

The specimens were taken from two strata (0-15 cm and 25-50 cm) 
from 62 profiles and are here designated as surface horizon and subsoil 
specimens. Steel cylinders with an Internal diameter of 58 on snd a 
height of 38 mm were used to take solid speciisens. They were taken in 
the autumn, mainly from grain fields which jrare plowed in autunn the 
year before. A smaller nuid>er were from potato fields before harvesting. 
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Figure 1. Distribution of samples in relation to mschanical composition 
on weight basis of material under 2 mm. 

Key: 1-Surface horizon, 2-Subsoil, 3-Extremely stiff clay, 4-Clay, 

5-Stlff clay, 6-Sandy medium clay, 7-Medium clay, 8-Silty medium clay, 
9-Sandy light clay-,. 10-LigJit clay, 11-Silty light clay, 12-Silty sand, 
13-Sandy silt 

Each analysis number is based on three repetitions. 

B. Laboratory Analyses 

After saturation with water, the water content of the specimen 
was measured at 0.02, 0.1, 1.0 and 15 bars (respectively approximately 
pF 1.3, 2.0, 3.0 and 4.2). The entire cylinder specimens were used in 
pressure plate equipment in the first three levels, and circles with 
sieved material less than 2 mnwere used in pressure membrane equipment 
at 15 bars. The bulk density was determined after drying the cylinder 
specimens at 105“ C. The water content was expressed on a voltime basis 
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•nd the porosity (total pore volme), sir capacity (air-fillad poraa at 
0.1 bar)t specific weight and available water were craputed. Petersen 
et al. [151 ^ve proposed that the water content for soil rich In gravel 
and stone * expressed on the basis of the volune of fine aaterlal, 
but dlls requires a knowledge of the special volume wel^ts of the 
fractions, which Is very difficult to detenaine for gravel mixed with fine 
soil. Instead the values for the water content at IS bars were corrected 
for gravel content according to the formula: 

Percentage of water in sieved material ‘ (100 weight percentage of 
gravel In the entire specimen) . 

Here It Is assumed that there would not be any water In direct 
contact with the gravel at 15 bar. In the lack of pycnometer determinations 
for specific weight, the percentage of water at full saturation was used 
to express the porosity, something %rhlch could have entailed an under- 
estimate In some cases. Mechanical analysis of the fine material was 
perf . nned by sifting and hydrometer methods [12], and the glow loss was 
determined after typ hours at 550* C. 

C. further Calculations and Statistical Analyses 

Ihe seven initial particle size groups used are the same as In 
Atterberg's classification. In addition an attempt at grouping was made 
according to other Informatlr . and some lesser used classification systems, 
altogether 23 groups (Figure 2). This produced an approximation to the USDA 
case, since silt-sand limits of 0.06 mm were used instead of 0.05 nn, and 
to the Wentworth case, where the clay-silt limit of 0.006 was used instead 
of 0.004 mm. 
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Figure 2. Dlffetent systems of mechanical analysis classification. 

(GB ■ Soil Survey of Great Britain) 

(USDA « United States Department of Agriculture) 

(ISSS ■ International Society of Soil Science) 

Key: 1-Particle size, 2-Clay, 3-Fine silt, A-Medium silt, 5-Coarse silt 
6-Fine sand, 7-Intermediate sand, 8-Coarse sand, 9-Gravel, lO-Other 
tested limits 

« ^ 

On the basis of this large gravel content in many of the specimens, 
the tables for mechanical analysis were coinp«ted in two ways. First the 
fine material (under 2 mm) was expressed in the usual way, as a mutual 
weight percentage with the gravel content as a percentage of the entire 
specimen. Afterwards the fine material was also expressed as a percentage 
of the entire specimen. Here consideration had to be given to the organic 
matter content of the specimen, since the fine material was orginally 
expressed as a weight percentage of the mineral staterlal alone. This 
took into account possible unoxldlzed organic material which can sll^tly 
distort these values because its light specific weight makes little 
impression on the hydrometer in comparison to, for example, clay. The 


5 


glow loss, corrected for clay content after Ckeberg (peraonal 
communication) and Lag [10], was uaed as an expression of organic 
■utter content: 

Organic matter (1) ■ glow loss - (1 -f (0.05 * clay)) 

This is the wel^t percentage of all ikaterlal under 2 mm, so that 
another correction was necessary in order to obtain the organic matter 
content as a weight percentage of the entire specimen: 

Organic matter (2) ■ organic matter (1) • (100 - gravel) /lOO 

Then the corrected values for the fine material could be 
calculated as a weight percentage of the entire specimen: 

Fine material (2) “ fine material (1) • (100 - organic matter (2) - 
gravel) /lOO 

Other calculations were made with both sets of data. A simple 
correlation was made and a "gradual advance" multiple regression 
with selected variables. Calculations were made for the surface 
horizon and the subsoil individually and together. The choice of a 
collective or indiyldual equation depends partially on which Independent 
variables are Involved and partially on the relative error from the 
equations. In particular we should be careful in using a collective 
equation with variables, if the means are not alike in the surface 
horizon and the subsoil, if they do not occur in both individual 
equations with the same sign and coefficients of like value. 

The distribution of the values of the parameters are shown in 
Table 1. There vas little difference between the surf.''ce horizon and 
the subsoil specis^us in mechanical composition, air capacity and 
readily available water, but there were significant differences in the 
organic matter content, volus» weight, porosity, strongly-held and 
total available water and the slopes of the water retention curves. 
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Table 1. Distribution of the Analysed Parameter Values 
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6-Coarse sand, 7-Medium sand, 8-Flne sand, 9-Coarse silt, 10-Medium silt, 

11-Flne silt, 12-Clay, 13-Gravel, 14-Organlc matter, 15-Bulk density, 

16-Speclflc weight,- 17-Poroslty, 18-Alr content at 0.1 bar, 19-Water 

content at 0.02 bar, 20-Readily available water, 21-Strongly-held 

# 

available water, 22-Total available water. 23-Fine material (< 2mm) is 
weight percentage of mineral material, according to Atterberg's 
classification. 24-Organic matter content is weight percentage of all 
material under 2nmi. 25-Gravel content is weight percentage of entire 
specimen. 26-Alr and water content are volume percentage of entire 
specimen. 


IV. Results 

Simple correlation coefficients between the dependent variables 
studied and mechanical analysis, organic matter content and bulk density 
are not given here because of space considerations. In general there 
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were aoMwhat higher correlations when the aechanical coiqioaltion of 
tlw aoil waa calculated aa a weight percentage of the entire apecinen. 

In individual caaea it waa better with other groupinga of aMchanical 
analyaia than Atterberg'a claaaification, but aa a rule the differencea 
were not aignif leant. Therefore the equationa were calculated according to 
Atterberg'a claaaification for anat variablea, but with aiechanical analyaia 
aa a ifeight percentage of the entire apecinen. The equations for available 
water, which can be presuaied to be nost used in practice, were calculated 
according to two other additional classifications (ISSS and GB/USDA) , and 
with mechanical analysis according to both nethods of calculation discussed 
above. This aakes it easier to compare with other published material 
where the mechanical composition is often given as a weight percentage 
of the fine material. In the tables the equations are presented with 
variables in order of their contribution to the variation expounded, and 
all are significant at p - 0.05. 

A. Porosity, Air X^apaclty and Total Water Content 

The correlations between water content and the different ring 
■ » 

sices were dependent on pressure. At 0.02 bars there were strong negative 
effects from gravel and coarse sand (0.6-2 mm), but as pressure increased 
the coarse grain effect dlmirdshed and the fine grain material effect 
increased. In view of the hi jh negative correlation between porosity and 
bulk density , only the latter was used as an independent variable. 

The equations (Table 2) show a negative effect from increased bulk 
density on porosity and air capacity In both strata, along with a positive 
effect on water content at 0.1, 1.0 and IS bars in the surface horizon. 
Larger coefficients at 0.1 and 1.0 bars than at 0.02 and 15 bars 
indicate that the pores in the interval of 0.2-160 pa were affected 
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Table 2. Regreeelon Equations for Soil Porosity, Water and Air 
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6-Subsoil, 7-Conbined horizons, 8-Water at 0.02 bar, 9-Water at 0.1 bar, 
10-Water at 1.0 bar, 11-Water at 15 bar, 12-Air at 0.1 bar, 13-G«gravel, 
M-Medium, F-Fine, V.VKT>bulk density, 14-Mechanical analysis according 
to Atterberg's classification. 15-Independent variables calculated as 


weight percentage of th.e whole specimen. 


most by the variation in the bulk density. In the subsoil the bulk 
density was more thorou^ly correlated with the organic matter content 
than in the surface hori^.on, and showed less- specific effect on pore 
distribution. 
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The coarse silt fraction was isiportsnt for water content at all 
presQurea up to 1.0 bar, often in both strata. The porosity was also 
affected in a po«$itive direction by the silt content, but the total aanunt 
of silt fractions and fine sand had a negative effect upon air capacity. 

In uu.ar words it is only the maaber of pores of capillary sise which ire 
increased by the silt and the fiM sand content. 

The water content seens to increase with the ‘'■lay content at all 
pressures above 0.1 bar. The coefficients are greater for the sid>soil 
than for the surface horizon. Since there was no diffe.ence in the clay 
content between the strata, this nay be caused by dlssisllar aggregation 
of clay, sonetKlng reasonably taken into consideration in the variation 
in bulk density and organic natter content between them. Ihe effect of 
the clay was greater at 0.1 and 1.0 bar than at 15 bars. This tendency 
was also found by Andersson and Wiklert [1] on soil with a clay content 
up to, but not above, 15-20Z, and by Ekeberg and Njos [2]. Thin is 
probably typical of soil relatively poor in clay. 

The organic natter content increased the water content at all 
pressures in both strata, and reduced tite air capacity in both strata. 

Ihe coefficients were all greater for the eurface horizon than the 
sid)Soil, where the organic natter content was nuch lower. Such a 
dlsplaceaient of the entire retention curve with increased organic 
natter content has been f'^und by nany authors [16, 17, 21], and 
explains why the addition of organic naterial does not always increase 
the available anount of water. Here, however, the effect of the organic 
mtter la sonewhat less at 15 bars, so that we can expect the organic 
natter to have an isspact on available water.. 
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fh« trawl contast aaaw to rtdoea cha watar cmtmat at 0.02 bar* 
and can thua ba of UportaBeo for infiltration qnalitiao and air aadiaafa 
«ban tba aoil ia eloaa to full aaturation. 

B. Aoallabla Hatar Cootant 

Iba word availabla la bora uaad ia tba aaaaa of ^jaicallx narful, vitb 
tba nornal linitatiooa vhicb thia antaila with ranpact to opaciaa of plan to, 
root daualopnoat, atn. 

As auttootad by nost otbar raaaarcbora (2, 4, 7, 18], tba oilt contaat 
ragularly had tba tnateat aitnifieaaca for available water. In the correla- 
tions nd partially in the aquations (Table 3) coarse silt (0.02-0.06 an) and 
fine sand (0.06-0.2 en) ajdiibitad tba strontast influence on the anount of 
readily availabla vatar, but the finer fractions were also involved with 
atrontly-held available water. The cloeest correlations for total available 
water were found with groupings like Heotvorth'a silt (0.006-0.06 an) and 
GB/USDA silt (0.002-0.06 aa). Using such grotq>s aekes it easier to avoid 
questionable regression coefficients which can occur becauoe '^f dittri.bution 

coincidences ixa the aaterial. In the equations (Table 5) the coefficients for 
« ^ 

CB/USDA silt were greater for strongly-held water than for readily available 
water. For total available water they were of the aane order of nsgnltude as 
given by Ekaberg and HJos [2], a little higher than that calculated by 
Bsi^botn et al. (31 for silt soil and by Beinonen [4] for loan, and nuch higher 
than that of Salter et al. (18. 21] fron a aaterial %diieh spanned a auu>cr 
of types of soil. 

There was a negative relationship between available water and 
gravel, tdiidi caused the pooltive correlatioos with fine natcrial and 
o^anic natter to be greater where they were espreaaed as a weight 
pofcnntage of the entire apeclaen. te the other hand the coefficients 
for gravel and sand were less with this netbod of coivutation, so that 
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Table 3. Regression Equations for Available Water Against Mechanical 
Analysis (Atterberg's Classification), Organic Matter and Bulk Density. 
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AT Ttfngn Hgingtlig rann (Ifi — IS barj : 

1 Y = *,l?--036 GRUS 4- 0.63 MOLD + 18,0 V. /KT. 

„ . - 0.14 M. SAND 4- 0.33 M. SILT 

t( n Y = — 103 4- LI MOLD 4- 12,5 V. VKT 4-0, 1 G. SILT 

4- 0.40 M. SILT 

I Y = 336 4- 03TLEIR 4- 0,28 G. SH.T — 0,083 GEL’S 
a UndergT. 4- 0.65 MOLD 

n T = 336 4- 0.29 G. SILT 4- 0.56 LEIR 4- 0,72 MOLD 


Samlet 


1 T = 14. i— 0,22 M. SAND 4- 0.87 MOLD — 0.21 F. SAND 
— 0,18 C. SAND 4- 8.8 V. VKT ~ 0.17 G. SAND 
n T = — 9,90 4- 0,38 a SILT 4-1.1 MOLD 4- T.T V. VKT 
4- 036 LEIR 4- 0,47 F. SILT 4- 0,06 M. SAND 


70 3.02 
67 3,12 

78 3,03 
78 3,05 

71 3,38 
73 3,28 


^ TMoK tUgjengtUj vnnn fOfi — 15 bar): 

I Y = 6,41 — 03 GRUS 4- 0.77 MOLD 4- H.O V. VKT 
M +0.19G.SILT — 0,15 M. SAND 4- 0.22 M. SILT 

•t “aijoni n Y = — 1,53 4- 0.40 G. SILT 4- 1.0 MOLD 4- 8.6 V. VKT 
4-2034 6L SILT 

1 Y = 8.91 4- 0.55 G. SILT — 0,15 GEL'S 4- 0,39 LEIR 
2 Uodergr. 4- 0,62 MOLD 

n Y = 6,60 4- 0.61 G- SILT + 0,50 LEIR 4- 0.75 MOLD 

I Y = 9,73—0,21 GRUS 4- 0,83 MOLD 4- 036 G. SILT 
4- 0,27 M. SILT — 0,14 M SAND 4- 5,7 V. VKT 
6,01 4-0.43 G. SILT -r 0.84 MOLD 4- 0,32 LEIR 
4- 037 M. SILT 4- 0.088 F. SAND 


Samlet 


n Y = 


85 2,53 
84 232 


88 

88 

86 

86 


333 

3,23 

3,06 

3,10 


t 


G. 

I; 

f 




= grov M. = mlddel!» F. = Im V. VKT = volumvelr 
Uaterlale xmder 2 mni = vektpre^ent irunertler under 2 
Mold vektpr^sent av mold + mi.'ieruler under 2 min. 
Grus = vektprosenl av hcle proven. 

Alle fraksjener $om vektprosent av- belc proven. 


Key: 1-Readily available water, 2-Surface horizon, 3-Subsoll, 4-Cond>ined 

horizons, 5-Tlghtly-held available water, 6-Total available water, 7-G=gravel, 

• I 

M>BMediuia, F^Flne, V.VKT=bulk density, 8-1: material under 2imn - weight 
percentage of minerals under 2imn. 9-Organic matter ■ weight percentage of 
organic matter plus minerals under 2mm. 10-Gravel ■= weight percentage of 
entire specimen. ll-II: all fractions as weight percentage of entire specimen. 


the best method of computation is dependent on which variables participate 
in the equations. 

The effects of bulk density and clay content varied irlth the water 
fraction. In the cases where they were in the equations, they had a 
negative effect on the readily available water and a positive effect on 
the strongly-held water. With respect to total available water the bulk 
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Table 4. Regresnlon Eqiiations for Available Water Against Mechanical 
Analysis (ISSS Classification)* Organic Matter and Bulk Density. 


i ‘Lett tUgieng^g vona (9J — ljl> larj: 
a I V = •;*« 4 0.11 F. SAND - 

K Mavjgra n y = 2.19 -i'- 0.11 F. SAND 


4.1 V. \TCT 


R> SAy 

41 2.46 
40 2.51 


3 Undeiyr. 

1 T = 

6.99 + 0.22 F. SAND — 6,3 V. VKT 

59 

3,81 

n T= 

2.39 + 0.1F F. SAND — 0.074 G. SAND 

61 

8,73 

^ Samtot 

I T = 

5.26 4- 0.17 F. SAND — 4.2 V. VKT 

49 

3,40 

n Y= 

— 0,31 + O.l.l F. SAND 4 0.11 SILT 

51 

842 

ff Tgngre tilgjengrtig roii« (Ifi — tS bar) : 


* 

m Mat)ord 

1 Y = 

3.51 — 0.23 GRCS + 0.81 MOLD 4 14,6 V. VKT 
4 0.26 SILT — C.io G. SAND 

69 

3.0S 

n Y::^ 

— 15.4 4 LI MOLD 4 0.42 SILT 4 0,14 F. SAND 





4 13.4 V. VKT 

70 

3,01 

J tJkulnyr. 

I Y = 

11.2 — 0.13 G. SAND -f- 0.25 SILT 4 0.76 MOLD 

67 

3.70 

n Y= 

4.4S + 0.47 SILT 4 1,0 MOLD 

65 

3.77 

M Samlet 

I T=^ 

19.8—0.27 G. SAND 4 0.83 MOLD — 0,15 (HtUS 
— 0,14 F. SAND -r 6.9 V. VKT 

67 

3,59 

n Y= 

— 10.0 4 L2 mold 4 0.14 F. SAI4D - 0,31 SILT 




V-. 

4 ’..I V. VKT 4 0,3 LE3R 

.09 

3,49 

^ Toialt tilyjcnffftig Viiim (0^ -IS ba:, : 




1 Y:^ 

18.9—0,26 G. SAND — 0,23 CRUS 4 0.80 MOLD 



^ Matjord 

ii Y= 

4 9.1V. VKT 

; 19.8—0,29 G. SAND •- 0,27 GRUS 4 0,78 MOLD 

76 

3,20 



4 8,9. V. ITCT 

79 

3,01 

3 Undwyr. 

I Y = 

; 47.0-^,34 G. SAND — 11.5 V. VKT 

82 

3,87 

n Y= 

7,1640.20 F. SAND 4 0.46 SILT -r 0,94 MOLD 
— 0.10 G. SAND 

86 

3,55 

^ Samlet 

1 T = 

30.9—0.29 G. SAND 4 0.61 MOLD — 0.29 GRUS 

79 

3,71 

U Y = 

3,814 0,22 F. SAND 4 0.51 SILT i- 0,92 MOLD 

82 

3.45 


T' G. = yrov M. = mlddels F. = lin V. VKT — voluinvckt 

f I; Materiolc under 2 mm = vektprosent nimeraler under 2 nun 
f Mold = vcktprosent av mold mineraler under 2 mm. 

10 Gnis = veklproscnt av hale preven. 

0 n: Alle fraksjoner aom vekiproaent av hele proven 


Key: 1-Readlly available water, 2-Surface horizon, 3-Subsoll, 4-Comblned 


horizons, 5-Tlghtly-held available water, 6-Total available water, 7-G=gravel, 
M*Medlum, F=Flne, V.VKT=bulk density, 8-1: material under 2mm = weight 


percentage of minerals under 2mm. 9-Organlc matter = weight percentage 
of organic matter plus minerals under 2mm. 10-Gravel * weight percentage of 


entire specimen. ll-II: all fractions as weight percentage of entire 


specimen. 


density had a positive effect in the surface horizon and a negative 
effect in the stibsoll (Table 4) , but played a lower role in the 
material from combined horizons. This reflects essential differences 
in the packing of the two groups. Nor can anything be concluded about 
the "ideal" bulk density from the two mean values, since the organic 
< matter content also varies between the groups. One Implication of 
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Table 5. Regression Equations for Available Water Against Mechanical 
Analysis (GB/USDA Classification), Organic Matter and Bulk Density. 







R« 

SAy 

/ Lttt Hlgjfnp“tip « 

-m« tfi bar); 





•if Matjord 

1 V 

^4.«1 0,11 SILT 

- 0,22 LEIR 


43 

2,48 

u y 

■— 4,32 ^ 0,12 SILT 

0.23 LF 11 


45 

2.42 

^ Vnder^r 

I Y 

-;Cn - 0.18 SILT 

- 0.S71EIK 

0.061 GRL'S 

61 

8.72 

n Y 

2.80 , 0.27 SILT 

0,39 LEIR 


63 

S.71 

^ Sunlet 

I Y 

- 431 - 0.15 sn.i 

0,2813:iK 

Q,04!> GRUS 

S3 

3,32 

U Y 

336 t 0.18 SILT 

0,32 IE IR 


53 

3.25 


Tyngrr ttlQtmgebi; ron« 't.r tS brr; ■ 
I 10.3 ■- 0.?2S1I,T 

+ 14.1 V VKT 
n Y ^ - 10.5 - 0,26 SU.T 


Mat)ord 
^ Und»rj(r. 

S&ril«t 


- 0.92 MOLD 

l.lMuLn 

O.OOOCKUS ‘ 


IY=rJ2.2 O.liSAND 
- 0.19L.RIK 

U T = S.55 f 0.19 SILT J- 0.44 LEIR 


0 20 GBUS 

12,2 V. VKT 
0.5T MOLD 


1 Y: 


0,75 MOLD 

14.8 — 0,21 RAND 3. 038 MOU> — 0,16 CRUS 


+ 8 5 V VKT 
II Y = — 12.1 4 0.27 SILT -r 1.2 MOLD 
-L8.4 V VKT 4-20.055 SAND 


0.35 LEIK 


66 3,03 
68 3,03 

77 8.15 
76 3.20 

71 3.36 

72 3,33 


R 

J 




TotaU tilgjengehg voum fO.l — 15 • 



1 Y = --2.06 4 C.SISILT 

- 0,25 GRUS 4 0.75 MOLD 




4- 11,1 V. VKT 


82 

2.71 

Mntjon? 

n Y--: E.ST = 0,41 SILT 

- l.OMfLP 70.3 V. VKT 




4 0.07SSAND 


84 

2.5s 

Und^rgr. 

I T = 8.68 4 0„36 SILT 

0,1 5 GRUS - 0,63 mold 

87 

3.34 

U Y = 6.49 -i 0,41 SILT 

0.86 MOLD 

87 

3.40 


. I Y .i: 3.26 0,34 SILT - 

0,20 GRUS -1- 0,74 MOLD 



Samlet 

4 5.14 V. VKT 


85 

3.19 

11 Y— 2,94 -! 0,36 SILT 4 

0,96 MOLD — 0,070 GRUS 




4 3,7 V. VKT- 


85 

3,16 


7 V. VKT = voIumveKt. 

1; Maleriale under 2 r»im : - vcktprosent iv.inrraler under 2 mr 

t Mold vcklprosciit »v mold J mlncraler under 2 mm. 

Crua =: veklprosent av hele proven 
/f II- AUe fraksjoner *om veklprosent av Hale proven. 


Key: 1-Readily available water, 2-Surface horizon, 3-Subsoil, 4-Combined 

horizons, 5-Tightly-held available water, 6-Total available water, 

7-V.VKT * bulk density, 8-1: material under 2mm * weight percentage of 
minerals unde. 2mn.. 9-Organic matter ■ weight percentage of organic 
matter pi aerals under 2mm. 10-Gravel * weight percentage of 
entire specimen. ll-II: all fractions as weight percentage of entire 
specimen. 


practical interest is that perhaps it is easier to damage the subsoil than 
the surface horizon by packing (l.e., when ground is flattened). 

Ihere are positive coefficients for the organic matter content in 
almost all equations for tightly-held and total available water, often in 
both the surface horizon and the subsoil, but without affect on readily 
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available water. The coefficients are large in cosparison to ^ose for 

mineral fractr.ons, but it must be emphasised here that this is due to the 

larger amounts of organic matter because of their low specific weight. 

Since «re mupt usually deal with the addition of at least five times as 

much unconverted material (plus all the water this contains) as what 

remains in humus [22], the Importance of the coefficients seems to diminish. 

Like%ri.se the effect of organic material is of importance because such 

material is relatively easy to obtain in practice. The literature presents 

regression coefficients between organic matter and available water with 

a spread from 0 to 1.2, and many have indicated variations with the type 

of soil. Jamison [6] found improvements in available water only on 

soil %d.th coarse grains, while Heinonen [4] found a relationship between 

clay and silt soil but not with sand soil. Salter et al. [19, 20] 

found a greater effect on sand soil than silt soil, and Petersen et al. 

[15] also found only a small effect on silt soil. The action of the 

organic material has also been assumed to depend on the type of soil. 

This lends to aggregations of clay soil [7] and affects sandstone by 
* » 

virtue-of its own water-containing properties [9]. Evun if the 
regression coefficients in this material were as high as many of those 
given in other places, there would be relatively poor correlation 
coefficients for organic matter. This indicates that this could be a 
matter of interrelationship with the type of soil, especially since silt 
soil specimens with their high available water capacity had a lower 
organic matter content than morainic soil specimens. 

The material was not sufficient for an evaluation of each type of 
soil individually, but the 32 surface horizon and the 24 subsoil specimens 
in the loam class, with a clay content from 10 to 20 percent and silt 
content from 25 to 40 percent, provided a basis for evaluating the moreinic 
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soil individually in each case. For atrongly-held and total available 
water. Table 6 shows little change in the coefficients for organic natter 
in the surface horison, but nuch higher values in the subsoil for loam 
specimens alone. This Indicates advantages in deeper organic natter 
nixture in loan. The silt content is still of importance, but is 
probably less important in the equations than organic matter, because 
its distribution is limited. Raadily available water also has a 
positive, but small, effect from organic matter content, this time in 
the surface horison. Finally, it should be stated that since both 
water conduction properties and root development deviate greatly with 
diminishing water content in the soil [3,8], while the organic content 
in all cases increases the total water-holding properties of the earth 
and the proportion of conducting pores of high suction, perhaps the 
organic matter content has a greater effect on biologically useful 
water than on mere physically useful water. This also implies fortunate 
results on the albedo of the soil and its aggregate stability. 

Moreover the fertiliser activity of applied organic material can reduce 
the water consumption because of dryness [13]. We can mention as a 
drawback the fact that soil with a high organic matter content makes it 
more difficult for plants to use precipitation which falls in light showers 
when the earth is dry, because the water can be bound too tightly . Worse 
moistening properties with Increased organic matter content have also been 
recorded [17]. 

V. Conclusions 

The equations presented in Table 2 can be used to design retention 
curves within the area which the material covers (Table 1) . The 
standard errors were not the same for the entire curve, and increased in 
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Table 6. Regression Equations for Available Water Calculated from 


Morainic Loam Samples Only, In Relation to Mechanical Analysis 
(GB/USDA Classification), Organic Matter and Bulk Density. 


f Lett tUgjengelig t’onn (0,1 — 1,0 barj 
■A Mitjord y r= 4.07 -)- 0,17 MOLD 
J Underpr. Y — 72 — 0,079 GRUS 
Samlet Y i;; 6,1S — 0,06S GKUS 


Jt Tyngre tOgfengelig vnim (1,0— IS bar) : 

4 Maljord y - 13.3 4 13,7 V. VICT 4 0,89 MOLD 4- 0,31 SILT 

J UndergT. Y- — 13,1 4 2,3 MOLD 4 0.34 SILT 4 10,? V. VKT 

^ Samlet Y = — 9.28 -t L- MOLD + 0,3S SILT 4 8.6 V. VKT 


^ Yotnlt tiJgInigctig vein: (0,1— IS bar): 

i Mntjord Y-- 3,71 4 0,98 MOLD 4 0,32 SILT 4 9,6 V. VKT 
5 Undergr. T 6,44 f 1,7 MOLD 4 0,37 SILT 

^ SanrJet Y = 7.98 4 1.0 MOLD 4 0,36 SILT 

/ V.VKT = TOlumvckt. 

^ AUc uavhengige varlabler cr beregnet som vektproient av hele proven. 


R> SAy 

13 1.11 
37 1.31 
32 1,22 


01 2,33 
76 1.S6 
56 2.48 


67 2,42 
73 2,34 
66 2,70 


^ Midler eg 8A av variahlme for lettleire preveve alener 




K Matjord (n = 32) 
j^mlddel j SA 

IJndtrfiTxinn (nrr24) 

j^^lddel SA 

11 Lett U’.gjcngellp vtjji 

4.85 

1.17 

4.49 

1,61 

01 Tyngre tUgjengelig vann 

16,1 

3.53 

14,1 

3.55 

IS TotaJt tUgjengelig vann 

20,9 

3,49 

16.9 

4,3.5 

/fLelr 

10,1 

2,40 

9.1 

2.29 


23,1 

5,20 

24.1 

5,42 

Sand 

38.5 

6.29 

36,7 

6,61 

S^Molrt 

4.G2 

2,53 

1,83 

1.59 

M JfUS 

2.3,7 

9.74 

26.3 

12.4 

I^Volumvekt 

1,32 

0,16 

1.45 

0,;: 


Key: 1-Readily available water, 2-Surface horizons, 3-Subsoil, 4-Combined 


horizons, 5-Tightly-held available water, 6-Total available water, 
7-V.VKT*volume weight, 8-All Independent variables are calculated as 
weight percentage of the entire specimen. 9-Means and SA [standard error) 


of variables for light clay specimens alone: 10-Mean, 11-Readily 


available water, 12-Tightly-held available water, 13-Total available 


water, 14-Clay, 15-Organic matter, 16-Gravel, 17-Bulk density 


relation to the mean value of the water content with increasing suction 
(Figure 3), because of the greater variation at low saturation. In 
contrast to this, the equations for readily available water explain 
variations less than the equations for strongly-held and total available 
water. Hils is presumably due to the fact that the distribution of the 
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Figure 3. Moisture retention curves calculated for various soil 
textures . 

Key: 1-Surface horizon, 2-Subsoll, 3-Water content (volume percentage), 
a-Loamy sand, b-Sandy silt loam, c-Sllty loam 

pores which contain readily available water Is HKsre affected by factors 
like aggregate size than Is the case for pores with strongly-held 
available water (11) . 

The equations for total available water appear especially promising, 
2 

with R between 0.8 and 0.9, compared to the published results where 
2 

R Is seldom above* '0.7. However, a better expression for the accuracy 
of the equations Is the standard error In determining the dependent 
variables (SAy) . The best equation of Salter and Williams [21] had 
a SAy of 15.2 % on the average for total available water, compared 
to 11.2, 16.5 and 1A.4 percent respectively for the surface horizon, 
the subsoil and all tests together, calculated according to the best 
equations. The general dispersion of measured and calculated values 
Is shown In Figure 4 for the combined eque .Ion. 

The material of Ekeberg and Hjos had SAy values more than 20Z 
of the average while the SAy values were frequently under 10% for 


18 



^oiniwftL PAGE 13 



Figure A. Estimated versus observed total available water capacity 
(using equation fot> combined horizons, mechanical analysis after 
Atterberg on whole sample weight basis). 

Kay; 1-Calculated available water, 2-Surface horizon, 3-Subsoil, 

4_SAy - standard error ; 5 - observed available water (%) 

the equations of Uelnonen [A], which were calculated for each type of 
soil individually. In this material the errors for readily and for 
strongly-held available water were considerably lower in the equations for 
loam alone than in those for the entire material, but only the subsoil 
equation was particularly improved for the total available water 
(SAy - 12. A X of average). The errors were generally less for equations 
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Figure 5. Standard errors of the predicted function at different levels 
of the variables in equations for total available water, with mechanical 
analysis after the GB/USDA classification. 

Key: 1-Error (percentage water), 2-Subsoil, 3-Gravel, 4-Organic matter 


with each type of soil separate, and this is to be recommended. 

In the equations for available water the ISSS classification gave 
the poorest results, while the other two had similar values. Of these 
it is still safest to use the GB/USDA classification, since with Atterberg's 
classification it is possible that the smaller silt fractions are only 
slightly represented because of the high correlation with coarse silt. 

In such a case the available water could be. under estimated in soil with store 
fine or medium silt than coarse silt. 
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values. The curves are plotted with the X axis scaled to the reasonable 
deviation of the involved variable, so that the slopes can be directly 
coDpared . 

The most conspicuous fact is that, while the errors do not change much 
with very large variations in the organic content and the gravel content, 
they are decidedly worse with variations in silt content and bulk 
density. Therefure the most uncertain results can be expected from sand 
and silt type soils and soil with an abnormal degree of packing. It is 
logical that the same pattern can be found for the other equations as 
well. The ideal would probably be to develop special equations for each 
type of soil. 

VI. Summary 


drpcn<1ence of total toil water 
content, available water fractions, oir 
capacity and porosity upon soil me- 
chanical analysis, organic matter con-’ 
tent and bulk density, was studied In 
surface horizon and subsoil samples 
from 62 profiles in the counties of 
Hedmark and Opplnnd. The majority 
of samples were from morainic loam, 
with a minority from alluvial silts and 
aouJa. 

Equations are presented which 
allow tha .construction of moisture 
retention curves and the direct assess- 
ment of available water capacity by 
volume, ou th? basis of the above 
parameters. Calculations were per- 
fonnet in relation to three com- 
monly used particle size classifica- 
tions, and with mechanici.1 analysis 
expressed both as weight pcrceutages 
of mineral matter under 2 mm, and 
of the whole sample. I>ue to the high 
proportion of gravel in some samples 
the latter method frequently gave 


better results, -6nd the aize clasaifica- 
tion of the soil surv«> of Great Bri- 
tain and the US I>ept. Agric. was con- 
sidered most suiteble. 

The equations presented account for 
a considerable proportion (75—85 
of the variation in total a; id strongly- 
held available water, but were less 
effective for predicting loosely-held 
available water. On the ether hand 
total v.-ater coj'tent was better pre- 
dicted wt low than at high suctions. 
. Gravel and silt exerted generally more 
influence on moisture properties than 
organic matter and bulk density, 
though the latter were also importsnt. 
Whilst in most eases variables acted 
aifflilarly in both surface and ~ .‘jsoil 
horizons, separate equations for each 
gave belter precision. Standard errors 
of determination for total available 
water were betv.een 11 and 17 r; of 
the mean. Best prediction is por.sible 
for loam soils. 


VII . Norweglan-Engllsh Key to Tables 


Xiett tilgjcngclig vann 
Tyngre tilgjongelig vann 
Totalt tilgjengelig vann 
Luft kapasitet 


Readily available \rnter (0.1 — 1.0 bar) 
Btrongly-held available tealcr (1.0 — 15 bar) 
Total available ualcr (0.1 — XS bar) 

Air eafiaeity at 0.1 oar 
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Poroaitet 

=r 

Purotifp 

lucir 

rr 

Clay (< 0.002 mm 7 

Pinhili 

r-- 

fine aiU (0.002 — 0.006 ’um) 

Molinridilt 

. ■ 

itcdiiiiti tilt .(0.006--0.02 mi 

Cruvai'i 

__ =- 

Coartc siU (0.62 -0.06 Him * 

Pli.sund 


Fine aoiirf (0.06 — 0.2 •111. 7 

Mcllvimsnnd . 


itcdiiim sand (O.t— mm) 

OrovFatid 

■ r TZ. 

Coarse Kind lO. 6—2.0 mm) 

Crus 

=. 

Orai cl (2 — SO mm) 

Uotd 


OrganU- inatUr 

Uatjord 


Surface horlion 

Vnvlergrunn 

=: 

Sulsoit 

Shiulot 


Comhinrd horIcOiis ‘ 


VIll. References 


1.- 'S.'tt 1*. “f. 11*72; MAikfl'AiKtalrKr.UfKlcffdknUiser t odiaij j'.'td. 

xxn. On> tie vatt-i.VMldBdc ho» tv«ti*k» Jordurttr. Cuipilior 

batlilng 2--Sr«--U3. OppfwU 

, F F. ti A . yie.t. IPTO; Phyilcol nnilytrn of nott pfofilnr from Ikinivik. 
Norway. >!rld. Norp. Lar.dbr HcrsK <9. I'V 11 a. 

■ Haupbotn, O., 4. N>a> o - i.. Viiif ri' IPT}; Moipholop..t.aI tXfrvU of frf.t .oa 
* ' aoUt.of lake twtji m L«.;ja. Noi aav. Mild. Nory. l.-aPdLi.H.icrk. fe 4. IS a. 
l4. i/< '/Nuiu'M, H., 1954 : iMot.i'iUrc coTidpi'.i in Finnish topsoils i Aptopro!. JuTk. 62. 
}>, .82 a. Fin. m, Hflsinki 

'9. UiUel, D.. 1971; Eoti and NVatri. physical prhxiplot and proreaaes. Acadt-mic 
■ l‘i»sa, 2S4, a. Lond A NY. 

' (. Jvtnuun, V.C. ilPSli; Ciianprs in air-watrr rclctiotuliip duo to ilrxirturat iin- 
;;'vVfn"rt p? •■''I? .‘ioil Sii. 7c. J4J— l."il 

7, 2oii;iso«. V D. Sc F. il. Kroth ilBSM' AvailaUif iitoislurc rtoiapi to tr\*-i— '! 
. ■ irompoailion and oipanlc mattrr content of arvoral Missouri ao.L«. Soil Act. Siv 
'■ Amcr. Proc. 22. 199-- 192, . 

r 8 Kramer, P.J. UPC9i; Plant A Seal Water Jlclatunsahips a inod' rn avtithisis 
n. McGr.v.N-H'.ll 4S2 a. INV). 

• Z. 1 H 1 I Z F ilS'oSi Available watt: l.oM'.np capacity of alluvial iioll,« In fyvj' 
siana Soil Fci. Soo .trier I’i'oc, 2' ; It 
10. Lttg, J. U9.MI: Foiilicmn/ier 1 Joi'vlbuiin.'lsrre ved NIjH. Del 1. 40 a 
i|l . A .’t IM7 1 * ,Ay;;rcyotstt'' iei.sv 1 vutn-'lct 1 foriiold til j.«rdat oeiding og yl.i’i- 

tevclcst. ForeUra*; \cd K.-i'crhavn. foitiiVil, rcksji-n Vlll. 9 Oe 

.12. -VJc', .1, (1971 a i; l-isen&intkuri i Joidfyslkk AS • NL.H Fell op laborBtoti<,.i..l 
' ■ c»i 17. 1. ■ 

'l3. A. 11971 6); Aggregatttnirel>en 1 ribedet i (orbold til markvannet Dcr 

" ' liorake koinitd for flen uu, liydiol d. kade Kpt. 2, 14- -49 tOslo). 

14. S'jor, A. A 7. £. Sotssfiup il977 l: Kornstiuielaeagrupper 1 mlneraljord Joidoy 
Myr 2. 1 -16, 

. 15.. Pelf SMI, C. If., S. L. Chi«HiHpto»ii A K. P Ifiifetskl (1961 ' : Mo.ature charartcris- 
ties of Pvntwylvanian soils ll; Soil factors affecting moisture retention witt.iii 
a aingie textural cl.iis silt loam. Soil Sci Sot. Am»r. Proc 12 666-670 
16 Ku.<ae(, N B., A Klutr Sc W. C Jatnb (1902): Further studies on Iht effect d 
lor.gtini ' orpaiuc n atter additions on the physical prop" ilics of Suaafre.s sil' 
loan-. Soil Set AmtT. Proc. ft. 176 151) 

17. JfMsK), B.J.B R. C. S'. eon r ■ 19c i 1 . Soli fnlllity changes m the lontrterm fx|e- 
rirmiital plots b> Kytybullte. South Austialia IV. Ciiangt s in aono- moi.etute 
charactcrMtlca Auat. J. Agrlc. Rri. J.i, VI -99 

lA folfer, P.J., G Bmy St Z.B.WilHame (1966): The Influence of texture on the 
mo.aturc rhar«cterUtics of aoUa III; Quantitative rebationahipa between pat- 
tlcle alae, corvpoalUon and available water capacity. J. Bcil Scl. 17, 1, (S -96. 
It. Mailer, P. J, 0. Berry Sc J. B. IViUtiimt (1967): The effect of farmyard manure on 
matrtc auctions premiling In a sandy luaiii soil. J. Roil Scl. J(, SIS -326 
M. Mailer, P.J., J. B Wtllioau anti D J. He.rritiH (1965) £ffecla of bulky organic 
manure on tne available water capacity of a fine sandy loam Exp. Hortic. t), 
•9 TS. 

tl. Mailer, P.J.M B J,WilliimM |I969): The Influeucr of texture on the moisture 
characteriatlca of sod V: relationships between particle itze composition and 
moisture contents at the upper A lowti Umita of available water. J. Boll Scl. 

to. 1 , Its— 131 

tt. Rlvifs'oon C.U.J.MO J.Kolenb’aKitr (1976): De attkstoffwcrklag van 9tat- 
mist op Korte cn laagc termign. li.slilut voor bodcinvruchlbaarheld. Karen — 
Oronlngen- 

tS. 14'iicor, 2. C. (1949): Soil moisture studios IV: Indirect determination of field 
capacity for moisture Scl. Agr tt, 53S~S73. 


23 



' Translation of titles of Swedish references t 

1. "Physical soil research In cultivated aoll, mi. On the water- 
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